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ELECTROPHORETIC DISPLAY DEVICE 

FIELD OF THE SMVENTION AND RELATED ART 

The preeent invention relates to an 
electrophoretic display device wherein colored 
e 1 ectropho ret ic particles or charged migrating 
particles are moved to effect a display. 

In recent y^ars r accompanying the progress o£ 
data processing apparatus / th^re lias been an 
increasing demand for a dicplay device requiring a 
small poweic consumption and a small thickness, and 
extensive study and development have been made on 
devices satisfying sucn a demand. Among these, a 
liguid crystal display device wherein an alignment of 
liquid crystal molecules is electrically controlled to 
change optical chaxacteri sties has been extensively 
developed and commercialized as a display device 
satisfying the demand described above - 

However, $uch liquid crystal display devices 
are still accompanied with problems of visual loetd on 
human eyes, such as diffioimy of recognizing 
characters on display depending on a viewing anglft or 
due to reflection light, and flickering and low 
1 ami nance of light sources. Accordingly, extensive 
study is still made fox new-types of display devices 
causing less visual load on human eye^- 

Reflaction-type display devices dire expected 
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£rom the viewpoints ox lower ppwar constunpt ion and 
less \risw*l load on human ey^s. As a type thereof, 
there lias fcee** proposed, an electrop^o^etic airplay 
device wherein colored charged particles ere ittovea in 
5 an insulating liguid Ce-g., in U-S.. Patent Ho* 

3,668,106), Figure ? is a sectional view of a most 
Lypical example of such el&ctrophoretic display 
device - 

Referring to Figure 7, an elect rophoretic 
10 display device includes an electrophoretic layftr EL 
comprising a colored insulating liauid 6 and colored 
charged particles 7 dispersed thereon, and a pair of 
or pairs of opposing electrodes 4 and 5 disposed to 
sandwich the electrophoretic layer Klt r wherein the 
15 electrophoretic layer EL is supplied with a voltage 
via the opposing electrodes to cause the colored 
charged particles 7 -to migrate toward ana he fixed at 
en electrode biased to a polarity opposite to that of 
the colored charged particles ? to effect a display hy 
20 utilizing a difference between the color of colored 

charged particles 7 and a dyed color of the iTi^ulatin^ 
liquid 6 - More specifically, whex* the particles 7 are 
attached to the surface of the electrode 4 closer to 
the viewer, -the color of the particleg 7 is displayed, 
25 and when the particles 7 are attached to the electrode 
5 remoter from the viewer, the color of the dyed 
insulating layer 7 is displayed- 



However; such a conventional electrophoretic 
display device h**s involved problems as described 
below with ^ference to Figures 8A - BC which 
illustrate the operation principle of such a 
conventional electrophoretic display device. 

In a conventional e 1 ect rophorat i c display 
device, a display picture~r«t«!antion characteristic 
(hereinafter referred to as "memory characteristic") 
is provided by applying a voltage across tlwa 
electrophoretic layer EL from an external circuit 10 
to form a picture display state (Figure 8A) f and 
making the circuit open Immediately after the voltage 
application to retain a. charge at the electrode 4, 
thereby continually attracting the colored charged 
particles 7 by a Coulomb' s force exerted by the charge 
retained at the electrode 4 (Figure 6B) . 

The memory characteristic is however lest 
when the voltage application circuit is 
short-circuited to discharge the retained charge 
(Figure 8C) . Accordingly, in case where a picture is 
written by a matrix drive, it is necessary to provide 
each piste 1 with a switching device and effect an 
independent control of an open/close circuit state at 
each pixel . Such an active matrix drive requires a 
device of a complicated structure, which incurs an 
Increased production cost- 

Further * even uiw3er an open circuit state as 



shown xn Figure a. slight leakage of charge 

retained at the electrode gradually proceeds through 
The electrophoretic layer EL * Accordingly, even if 
the electrophoreric layer is set to have a high 
specific resistance on the order of 10 15 onnucm, the 
available memory time is at most ten and fiareral hours 
-to several tens hours and cannot he said to he 
sufficient . 

SUMMARY OF THE INVENTION 

In view of the above-m^Ationed problems, an 
object of the present invention ie to provide an 
alectrophoretic display device capable of realizing a 
stable memory characteristic tor a long period without 
ralying on a r.harg^ retained at: electrodes oar 
requiring a switching control between open and closed 
states . 

According to the present invention, there is 
provided an electrophoretic display device of a cell 
©tnacture/ comprising: at least two electrodes . fixing 
surfaces each associated with one o£ said at least two 
electrodfefi r an electrophoretic layer disposed in the 
cell and comprising an insulating liquid and colored 
charged particles disposed in the electrophoretic 
layer, and voltage application means for applying a 
voltage between the electrodes thereby causing 
migration of the colored charged particles toward 
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and collective attachment onto one of the fixing 
$vrfaces; wherein at least one of the filing surfaces 
and the colored charged particles is provided with «n 
adhesive layer allowing repetitive att&chwent thereto 
5 and separation therefrom of the colored charged 
particles. 

According to another aspect of the present 
invention, there is provided an. el^ctrophoretic 
display device of a cell structure, comprising; at. 
10 least two electrodes, fixing surfaces each 

associated with one of said at leasL two electrodes, 
an elect ropharetic layer disposed in the cell and 
compxising an insulating liquid and colored charged 
particles disposed in the elect ropnoxet i c layer, 
15 and voltage application means for applying a 

voltage tietweexi th^ electrodes thereby causing 
migration ol the colored charged particles tQward 
and collective attachment onto one of the fixing 
surfaces; wherein the fisting surfaces are provided 
20 with a charged film having a constant surface charge 
of a polarity opposite to that of the colored 

charged particles- 

These and other objects, features and 
advantages of the present invention will become more 
25 apparent upon a consideration of th<=* following 
description of the preferred embodiments of the 
present invention taHen in conjunction with the 
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accompanying drawings . 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a schematic sectional vi^w of an 
5 emtoodiinexLt o£ the elect iropho ret: i c display device 
according to the invention . 

Figure 2 is a gchematic sectional view of 
anotner embodiment of the el^ctropnoretic display 
device according to -the invention. 
XO Figures 3a - 3C are schematic sectional views 

for illustrating an operation principle of an 
embodiment of the electrophoretic display device 
according to the invention. 

Figwresi 4-6 respectively show another 
15 ^mfioaiment of the electrophoretie display device 
according to the invention. 

Figure 7 i.k a schematic sectional view of a 
conventional electrbphoretic display device. 

Figures SA - 8C are schematic sectional views 
20 for illustrating an operation principle of the 
CQnventibnal elect rcphoret x c display device. 

Fignres 9 - 10 and 12 - 14 ar<? schematic 
sectional views each showing another embodiment of ttie 
electrcphoretic display device according to the 
25 i n vent ion - 

Figures 11A - 11C are schematic sectional 
views for illustrating an operation principle of an 



e^Odiment of the electrophoretic display device 
according -to the invention. 

DEgCRj FTION QF THE PREFERRED EMBODIMENTS 
(First Embodiment) 

An eleotrophoretic display device according 
-to this embodiment of the preset invention is 
characterized by having a cell structure including: 
at least two electrodes^ fixing surfaces each 
associated with one of tne two electrodes , an 
electrophoretic layer disposed in the cell and 
comprising an insulating liquid ana colored charged 
particles disposed in the electrophoretic lay ex , and 
voltage application means for applying a voltage 
between the electrodes thereby causing migration of 
the colors charged particles toward and collective 
attachment onto one of the fixing surfaces; wherein at 
least on« of the fixing surfaces and the colored 
charged particle© is provided with an adhesive layer 
allowing repetitive attachment thereto and separation 
therefrom of t*«£ colored charged particle. 

The adhesive layer as a characteristic of 
this feinbodiraent may he disposed on only the fixing 
surfaces, on only the surface of the colored charged 
particles, or on both of the fixing surfaces emd the 
surface of the colored charged particles- In case 
■where the adhesive layers is disposed on only one of 



ttie fixing surfaces an<3 the colored charged particles, 
the other meiy pr^f erahly be composed of a matarial 
selected fio as to impart optimum adhesiveness antj 
peelability -to the adhesive layer in cons i deration of 
the fact that adhesiveness and peelahility are largely 
affected by the surface energy and solubility 
parameter of the other side material. 

The adhesive layer is required to allow 
repetitive attachment thereto and separation therefrom 
of the colored charged particles,, to be insolubla in 
the insulating licjuid and, in caste where it is formed 
on the surface of the colored charged particles, not 
to impair the disper&ifoility of the colored charged 
particles in the insulating layer. 

For comply with these requir^ents, The 
adhesive Xay«r may suitably comprise a polymer having 
a glass transition temperature (Tg) of -35 °c to +35 
°C and comprising at least on& polymer specif 
selected Srom the group consisting of 
poly (meth) aery late esters, poly(meth) acrylic acid 
poly ( i*fceth ) aery 1 unit rile F po ly ( wietti ) aery 1 ami d© r 
polyvinyl ester© and polyvinyl ethers , so as to 
providft a tackiness at an operating temperature 
suitable for repetitive attachment and peeling as 
exhibited l>y "Post-it" (trade name, available* from 3M 
Co. } extensively ujsed ass memo*- slip or t^g paper. 

Figure 1 is a schematic sectional view of an 
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embodiment of the felectrophoretic display device 
according to the present invention. An 
eXectrophoretio display device shown* in Figure 1 
includes -two (closed) cell structures, each of which 
5 comprises a transparent (display-side) substrate 1, a 
counter substrate 2 and a partitioning wall 3 to form 
a ceil, which is filled with an. eXectrophoretic layer 
EL comprising a colored insulating layer 6 and cplored 
charged particles ? colored in a different color from 

10 the colored insulating layer 6. In cacti ceil, the 
transparent display sub&t-cate 1 has thereon a 
transparent display electrons 4 # and the counter 
substrate 2 hae Thereon a counter electrode 5 . Each 
oX tne transparent display electrode 4 and the counter 

15 electrode 5 ha© a fixing surface 13 onto which the 

colored charged particles 7 are collectively attached - 
The fitting surface 13 is coated with an adhesive layer 
8 allowing repetitive attachment thereto and 
separation therefrom of the colored charged particles 

20 7. 

Now, the operation principle for a unit cell 
of the display device will be described with reference 
to Figures 3A, to 3C. As explained with reference to 
Figure 1, each cell crfcruerure of %ki& display device 
25 includes mutually opposing two substrates 1 and 2, a 
transparent display electrode 4 farmed on the 
transparent display substrate 1, a. counter electrode 5 
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foriued on the counter electrode 2, a colored 
insulating layer 6 dispo&ed between the opposing 
Electrodes 4 and 5, colored ch&rged particles v 
dispersed in the colored insulating layer 6 (and 
5 assumed herein to fc>e positively cnarged} , *md adhesive 
layers 8. 

Now, if an external circuit 10 is connected 
as snown in Figure 3A to induce a negative charge at 
the transparent display electrode 4 and a positive 

10 charge at the counter electrode 5, tn.e positively 

charged colored charged particles 7 are collected and 
attached onto the transparent display electrode 4, 
wherehy thft display ^rfae6 e^hihits the color of the 
colored chargad particles 7. 

15 Then, if the Qxternal circuit 10 is tumeri 

op^h as shown in Figure the charges on tne 

respective electrodes are retained r whereby the 
colored Charged particles 7 arc fixedly attached onto 
the transparent display electrode 4 due to £n 

20 electrostatic attractive force exerted by the retained 
charge , 

Now, if tfie external circuit TO is snort- 
circuited 3S shown in Figure 3, the charges retained 
at the electrodes 4 and 5 are released -to lose the 
25 electrostatic attraction r in this state, however , the 
colored charged particles 7 arc retained by attachment 
or adsorption to the adhesive layer S formed on the 
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electrode 4, tttus retaining the display state. 

Accordingly, ^ven in a drive system such as * 
simple matrix drive wherein the circuit-open state is 
no t effectively retained, a good memory characteristic 
iB exhibited. Further, as the surface charge on the 
adhesive layer 8 is never released, a stable memory 
characteristic can toe realized for a long period. 

On the other band, the rewriting of a display 
state is performed by peeling or separating the 
colored charged particles 7 from tbe adhasi^fi layer 8 
on tbe electrode 4 by applying reverie-polarity 
voltages to the electrodes 4 and 5 by connecting the 
^.Kternai circuit 10 as represented by a dotted line in 
Figure 3C, i»e. r to apply a positive charge to the 
electrode 4 and a negative charge to the electrode 5, 
so as to exert an energy exceeding a drive voltage 
threshold corresponding to the adsorption energy of 
the adhesive layer $ . in this way, by optimizing tine 
adhesive force averted by tile adhesive layer 18 , it 
becomes possible to design threshold characteristics 
essential for a simple matrix drive. 

The effectiveness Of the present invention is 
not restricted to tbe above-descri£>ed organization but 
can be applied to any electrophoretic display device 
having a fixing surface or charged particles. 
Examples thereof may include: a. display 
electrode/masking elect rode- type display device as 
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diselo*ed In JF-A 9-021149 and modified to include an 
adhesive layer on a fixing surface 14 as shown in 
Figure 4; a horizontal movement -type display device as 
disclosed in JF~A 10-0O5727 and modified to include an 
adhesive layer 8 on a fixing surface 14 as shown in 
Figure 6; and a mlcrocapsule-tYPQ display device as 
disclosed in JP-A 1-086116 including polymer capsules 
12 containing an insulating layer 6 and modified to 
use adhesive colored charged particles 13 exhibiting o 
surface-adhesive colored charged particles 13 
exhibiting a surface adhesiveness as shown in Figure 
6. Each cell can include 3 or more electrodes so as to 
provide at least one thira electrode for controlling 
the movement of elect rophoret I o particles in addition 
to two drive electrodes as disclosed in U.S. Patent 
No* 4,203*106 with further modification to provide one 
of the drive electrodes or the elect rophoretic 
p^rti^ls surface. 

The organization of the adhesive Xciyer will 
now be described in farther detail- 

preferred examples of the material for the 
adhesive layer may include: poly (meth) aery late esters, 
i.e., polymers of acrylic acid esters and metbacrylic 
acid esters. Specific examples thereof may include: 
polyalkyl (meth)iacrylates; such aa polymethyl 
(meth ) acrylate , polyethyl ( meth ) acrylate , polypropyl 
i mexh ) acrylate , poly-n-butyl ( meth ) aery late , 



polyi sobntyl { metn ) ac ryl ate, poly- t-buty X 
(methJacryiatQ, polycyclohexyl fraeth)ac:rylatf5i; 
derivations thereof , such as poly-2-nydroxypropyl 
(mei:ii)acrylata> and poly-2,2^3 r 3^tetraf luoropropyl 
{meth)acrylat6; and arodtatic estars, such as 
polybeiisyl (meth)acrylate > 

Among these, it is preferred to use polymers 
having a glass -transition temperature (Tg) of at most 
+ 35 °c f more preferably at most room temperature < and 
at least -35 °C so a.e to exhibit an adhesiveness or 
tackiness at an operation t^mperaTttre of the display 
devicQ. An example of polymer having a low Tg is 
poly-n-butyl acrylate having a. we i ght - ave rage 
moUfluiar weight according to G^C (gel permeation 
chromatography) of ca. 10 5 exhibiting a Tg of -40 to 
-60 °C T 

Such poly-n-butyl acrylate i« & viscous 
liquid at 25 °C and exhibits a tackiness, but the 
tackiness by itsslf is too high- Accordingly, it is 
preferred %u use a copolymer of n-bntyl acsrylate with 
a monomer providing a polymer exhibiting a higher Tg, 
For example, copolymers o£ a-butyl acrylate and n- 
butyi methacrvlate in appropriate proportions may have 
appropriate glass transition temperatures and 
adHesi^ene&s • 

Appropriate adhesiveness and peelability may 
also be controlled by copolymer! zing, e.g., fluorine- 
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contaiaing esters , such as 2,2,3, 3-tetraf luoropropyi 
acrylate; estars having a polar group, such as 2- 
hydyoixypropyl acaryl^te? and. other polar monomers r such 
as (metl*) acrylic acid, (meth)acrylonitrile, 
5 methacrylainitie, vinyl acetate and other esters . I-fc ie 
also possible to control the adnesivcness and 
peelahllity of these polymers by regulating molecular 
weight, orientation or crystalline ty, and presence or 
absence o£ croselinkage. la addition to 
10 copolymer! sat ion, it is possible to mis or laminate 
such adhesive polymers - 

Xn addition to the above-mentioned arylate- 
based resins it: is also possible to use polymers 
predominantly comprising polymerised units of 
15 (math) acrylic acid, (meth)acrylonitrile, 

( meth ) aery l amide , vinyl esters and vinyl ethers - 

Specific exaiapies of (co) monomers providing 
such adhesive ( copolymers may include; styrene, o- 
methylstyrene, methyl sty rene,. p-methoxystyrene J p- 
20 ethylstyrene, p-t-butylstyrene, acrylic acid, methyl 
acrylate, ethyl acrylste, n-Butyl acrylate, n-prapyl 
acrylatc, isohurfcyl acrylate, octyl acrylate, dodecyl 
acrylate, 2-ethylhexyl acrylate, stearyl acrylate, 2- 
chloroethyl acrylate, phenyl acryiata, methacrylic 
25 acid, methyl metbaery l ate - etnyl methacrylate r n- 

propyl metbacrylate, n-hutyl zaethacrylate, isobutyi 
pie-thacrylate* n-octyl methacrylate, dodecyl 
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methaerylal:©, 2~ethyllie2j:yl methitcryl&te, stearyj. 
me-nnacrylate , phenyl n*e thacrylate f dimethyl aminoroeth^ l 
nK*±hacryl&te, diethyl aminoethyl raeth^crylare, 2- 
hydroxy^tliyl metnacrylate! aarylonitrile, 
5 raethacrylonitrile, acrylamide, methyl vinyl ether, 
q*thyl vinyl etlier r propyl vinyl e-tker r n-butyl vinyl 
etner. isobutyl vinyl etbar, P-chloraethyl vinyl 
ether, phenyl vinyl 9th$r, p-methylphenyl vinyl ether, 
p-chlorophenyl vinyl ether , p-bromophenyl vinyl ettier, 

10 p -ni -t rophenyl vinyl ether, p-metho^yphenyl vinyl 
e their , 2 -vinylpyridine , 3-vinylpy ri dine , N- 
vinylpyrrolidona, 2-vi*rylimi<iazole f N-methyl~2- 
vinyl Imidazole* , N-vinylimidazole, butadiene, fumaric 
acid, xnaleic acid, itaconic acid, and salts of these. 

15 These polymer b may Me ohtain^a toy 

polymerization using various initiators, examples of 
which may include: azo or diaao-type polymerization 
initiators, such as 2, 2 1 -azobis( 2 , 4-dimethyl- 
vaUroKiitrile), 2 , 2 ' -azobiaisubutylonitrilc, 1,1'- 

20 a20b?stcyclohaxane~l-carbonitrile) and 2 , 2 1 -azobis-4- 
meth03sy-2 f 4-diHietliylva.leronit:rile; and peraxt<?e-type 
polymerization initiators, Sucto as henzayl peroxide, 
methyl ethyl ketones peroxide, di i sop ropy 1 
perosycarbonate, cumene hydroperoxide, 2,4- 

25 diciiioranenzoyl peroxide ana lauroyl peroxide. 

Adhesiveness or tsckinees between two 
substances rosy he evaluated based on solubility 
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parameters (SP values) of the "two subsstances- Two 
substrates having closer sr values may exhibit a 
better mutuaJ- solubility, and in case where one is 
solid, exhibit a better wettability (e*g., as 
S disclofied in "Adhesive Handbook" published from Nikkan 
Kogyo Shimmin K*K. ) * Polymers may exhibit an SP 
values over a broad range of from 6 of polytetra- 
fl\aoroethylen«5 to 16 of polyacrylonitrile , 
Accordingly, in the present invention, it is preferred 

10 lo select «xi adhesive layer material in view of the SP 
value of ,tha materials constituting the fixing surface 
or the colored charged particles. 

The adh&slve colored charged particles (e.g.* 
13 as showp in Figure 2 or Figure 6 3 used in the 

15 present invention can be for*tedi by surface-coating 

colored charged particles with an adhccive layer but 
may suitably be composed of a colored adhesive 
material. More specifically,, such adhesive colored 
particles tmay preferably be formed through suspension 

20 polymerisation or emulsion polymerisation while they 
can also be formed through bulk* polymer i nation or 
solution polymerization. 

The adhesion or adsorption force of eucb 
adhesive colored particles onto the fixing surface can 
be controlled to some ©Xtent by adjustment of average 
particle sise. Particle© having an average particle 
size of ca- 5 um are liable to exhibit too strong an 
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ednesiva force onto the fixing surface and triius e 
lower peelatoility. On the other hand, particles 
having an average particle size fexceeiilng ca. 70 pin 
heive a smaller cont^t Area with the fixing surface, 
5 thus posing a difficulty in ensuring an appropriate 

l&vt*l of adhesion force- Accordingly it i& preferred 
to provide srn average particle size in a. range of ca. 
5-70 foi. 

In order to prevent agglomeration and ensues 

10 a dispersion state of colored particles during 
suspension or emulsion polymerization ana in a 
colored insulating layer within tha display device, it 
is preferred to add an appropriate disperaant. 

Examples of such disper^snt may include: 

15 polyvalent metal saltss of phosphoric acid, such aa 
calcium pnosphate, alvminixm phosphate and zinc 
phosphate; carbonic acid salts , such as calcium 
carbonate, and magnesium carbonate; other inorganic 
salts r such a$ calcium metal silicate, calcium 

20 Sulfate, and barium sulfate; inorganic ( hydro ) oxides f 
such as calcium hydroxide, ma^iaesium hydroxide, 
aluminum fcydroacide, silica, bentoni-te and alumina; 
surfactant©, such as sodium clodecylbenzenesulf onata f 
sodium tetradecyi sulfates, sodium pentadecyi sulfate, 

25 sodium octyl sulfate, sodium oleat^, sodium laurate, 

sodium stearat^, and potassium stearate ; and polymeric 
disperg^nts, such as polyvinylpyrrolidone and 
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polyvinyl alcohol tevxng various saponification degree 
and molecular weights- 

Examples of colorants fox- coloring tlae 
charged particles may include: titanium oatidft. 
carbon bl^ok, nigrosina, iron black. Aniline Blue, 
Chalcoil Blue, Chrome Yellow, Ultramarine Blue, Dupont 
Oil Red., ^inoiine Yellow, Methylene Blue Chloride, 
PhTLhalocyanine Blue, Malachite Green Oxalate. Lamp 
Black, Rose Bengal, C.I. Pigment Red, C.I- Pigment 
Yellow , c.i. Pigm^t: Blue, C.I. Direct Red 1, C.I. 
Direct R&d 4, C.I- Acid Red 1, C.I* Basic fed 1, CJ- 
Mordeat Red 30, C.I. Direct Blue 1, C-I- Direct Blue 
2 r C.I- Acid Blue 9, C-I- Add Blue 15 , C.I. Basic 
Blue 3, c.l. Basic Blue 5, C.I. Mordant Blue 7, C.I. 
Direct Green 6, C.I. Basic Green 4, C.I- Basic Gr«taa 
6, Lead Yellow, Cadmium YeUow, Mitral Fast Yellow, 
Havre Yellow, Naphthol Yellow S , Hans^ Vellow G, 
P^^itLanenr yellow tfCG, Turtradiae Lake, Molybdenum 
Orange, Permanent Orange G, Cadmium R^d, Permanent 
Red 4R, watching Red Calcium salt, Brilliant Carmine 
3B, F^fet Violet B/ Methyl Violet Lake, Ultramarine, 
Cobalt Bliae, Alkali Blue Lake, Victoria Blue Lake, 
Quinacriaone. Rhodamine B, Fast Sky Blue, Pigment 
Green B, Malachite Green Laic©, and Final Yellow 
Green G m 

I-t is also possible to use a magnetic 
colorant, examples of which may include: Be-xerrites, 
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Sr _ ferriter pb-fsrrites, magnetite, ^arama-^F^Oa ana 
^circular magnetic materials, such as Co-ferrites- 
Theee may toe u^ed alone or in mixture thereof or in 
mixture with soft ferrite particles,, 
s The (adhesive) colored ch^rg^d particles used 

in the present invention can optionally contain a 
charge control agent, inclusive of negative charge 
catrcral agents, such as roetal complex salts o± monoazo 
dy^s, and metal complex salts of salicylic acid, alfcyl 
10 salicylic aci^a, dialkylsalicylic acids and naphtoic 
acid; and positive charge control agent©, such as 
nigrosine acntfpounds , and organic quaternary ammonium 
salts . 

(Second fimbadimsnt ) 

An electrophoretic display device according 
to this embodiment of the present invention is 
characterized by a cell structure, including: at least 
two electrodes, fixing surfaces each associated with 
one of the two electrodes, an elect rcphoret ic layer 
20 disposed in the cell and comprising an insulating 

liquid and colored charged particles disposed in the 
e 1 ect ropboret i e layer, a»d voltage application *n«*«ans 
for applying a voltage between the electrodes thereby 
caisRing migration of the colored charged partidce 
25 toward and collective attachment onto one Of the 

fixing surfaces: the fixing surfaces are provided with 
a charged film having a constant surface cnarge of a 
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polarity opposite to -that of -the colored charged 

The cfca^ged film may comprise a ferroelectric 
film or art ©l^ct^et film. 

It is preferred -that the insulating layer 
contains a polar ion-adsorbing sgent, such as alumina 
or silica., so as to oppress the ion concentration in 
the insulting layer, thereby providing a high 
insulating property as represented by a volumetric 
. re3ictivity of at least XQ 12 own. cm, preferably at 
least io 12 - ohm. era. As a result, the decrease 

in surface charge of the charged film due to ion 
adsorption becomes negligible- 

Figrure 9 i S a schematic sectional view of an 
embodiment of the siectrophoretic display device 
according to the present invention. An 
electrophoretic display device shown in Figure 9 
includes two (closed) cell structures, e^ch of which 
comprises a transparent (display-aide) substrate 1, a 
counter suJststrat© 2 and a partitioning w^l 3 to form 
a ceil, which is filled with an elect rophoretic layer 
EL comprising a colored insulating layer 6 and colored 
charged particles 7 colored in a different color frowi 
the colorad insulating layer 6. In each oesll, the 
25 transparent display substrate 1 has thereon 3. 

transparent display electrode 4* and the counter 
substrate 2 has thereon a cdunter electrode 5 - Each 
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of the transparent display electrode 4 and the counter 
electrode 5 ftas a fixing surface 13 onto which the 
colored charged particles 7 are collectively attached. 
The tixiag surface 13 is coated with a charged film IS 
5 heving <± constant charge of a polanty (negative in 
The embodiment of Figure 9) opposite to that of the 
colored charged particles 7. 

W f the operation principle for a unit cell 
of the display device will be described with reference 

10 to Pxgureft 11A to 11C- As «3tpiaine<l With reference to 
Figure 9, each cell structure of the display device 
include^ uiutually opposing two substrates 1 and 2, a 
transparent display electrode 4 fanned on trie 
transparcmt display substrate 1, a counter electrode 5 

15 formed on the counter electrode 2, a colored 

insnlat ing layer 6 disposed between the opposing 
electrodes 4 and 5, colored charged particles 7 
dispersed in tb«a colored insulating layer 6 (and 
aasuoied Herein to be positively charged) , and charged 

20 films 18- 

Now, if an external circuit 10 i*? connected 
as shown in Figure 11A to induce a negative charge at 
the transparent display electrode 4 and a positive 
charge at th« counrer electrode 5, the positively 
25 charged colored charged particles 7 are collected and 
attached onto the transparent display electrode 4, 
whereby the display surface exhibits the color of the 
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colored charged particles 7_ 

TlxeiU i f the external circuit is turned open 
as Bhowm in Figure 11B, the charges on the respective 
els«?troaes are retained, whereby the colored charged 
particles 7 are fixedly attached onto the transparent 
display electrode 4 due Lo an electrostatic attractive 
force exerted hy the retained charge. 

Now, if the external circuit 10 is short- 
circuited as shown in Figure HC r the charges retained 
at the electrodes 4 and 5 are released to loss the 
electrostatic attraction. In this state; however, the 
colored charged particles 7 are retained by an 
electrostatic force exerted by the negative charge 
held by the charged filtu IS formed on the electrode 4, 
tnus retaining ttte display state- 

Accordingly, even in a drive system such as a 
sijmpie matrix drive wherein the circuit-open state is 
not effectively retained, « good memory characteristic 
is exhibited* Further, as the surface charge on the 
charged film IS is never released, a stable memory 
characteristic can he realized for a long period. 

On tiie other hand, tne rewriting o± a display 
state is performed 1b>y peeling or separating the 
colored charged particle© 7 from the charged film IB 
on the electrode 4 by applying r«ver$e-p«larity 
voltages to the electrodes 4 and 5 hy connecting the 
external circuit 10 as represented hy a dotted line in 
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Figure IXC, i-e., to apply a positive ctieirge: -to tn« 
electrode 4 and a negative cnarga to the electrode 5, 
so as to exert ar> energy exceeding a drive voltage 
threshold corresponding to tfte electrostatic force 
5 given by he charged f± i m 18 - Xn ttlls by 

optimizing the electrostatic force exerted by the 
Charged film 18, it becofltes poses ible to design 
-threshold characteristics essential for a simple 
matrix drive, 

Tlie effectiveness of tnt* present invention is 
not restricted to the above- described organisation but 
can tie applied -to any elecfcrophoretic display device 
Having a fixing surface or charged particles, 
Examples thereof may include* a display 
15 fileGtrode/masking elect rode- type display device as 
disclosed in JP-A 9-021149 and modified to include * 
charged film IS on a fixing surface 14 as shown in 
Figure 12; a horizontal movement-type display device 
as disclosed in JF-A 10-005727 and modified to include 
20 a charge film 18 on a filing surface 14 as shown in 
Figure 13; and a microcapsule- type display device as 
disclosed m JP-A 1-08G11G including polymer capsules 
l2ti forming a filing surface X4, containing an 
insulating layer 6 and colored charged particles 7 
25 therein and al30 modified to be formed of charged 
films 18a as shown in Figure 14 , wherein the fisting 
surface 14 is given by an external surface of a 
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mi crocapsul e 12. 

The cnarsed film 18 may preferably comprise a 
ferroelectric material ox an alectret material. 

Examples of the ferro^l^6tiMe material 
5 suitably used in the present invention may include: 
inorganic compound, such, as lead zirconate titanate 
(FZT), lantHsnnm- added lead airconate titanate (PLZT), 
and barium ti tar* ate; and organic polymers, guch as 
polyvinyl idene fluoride (PVDF) and vinyl i dene 
10 f luon da-trif luoroethylene (VDF/TrFE) copolymer. By 
forming a cHargad film of such a ferroelectric 
material, it is possiW^ to form a very large surface 
atiarge as large as 100 - 20000 nc/cm 2 . 

The electret-fonming materials used in the 
15 present invention may include dielectric materials in 
general, inclusive of inorganic materials, eurfi as 
glass, tint may preferably comprise organic polymer 
materials capable of utilising a printing process for 
the jEiim formation in view of productivity- It is 
20 preferred to use nuoriAes-containing resins, such, as 
polytetraf l^oroethylene, tetraf luoroethyiOTe- 
t ri f luoroetliyl ene copolymer , po ly-fcet raf luoroetliylene , 
FEP copolymer ( tetraf luoroethylene-lieacaf luor ©propylene 
copolymer), in view of performances, and it is also 
25 possible to suitably use other polymers , such as 

polye-ttiylene, polypropylene, polystyrene, polymethyl 
methacrylate, polyvinyl chloride, polyethylene 
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terephthalate, and poiyimide. jfcn electret film may 
desirably have a surface charge (density) of at least 
5 nC/cm^ and- possibly ca, 50 nC/cm 2 at the maximum. 
The 3i^)ificemce of eiectret material is 
5 supplemented belpw. "Eiectret" has been named after 
"magnet'* baaed on their similarity ^nd is a material 
persistently retaining induced polarization to provide 
ail external electric field thereof „ 

An &iectret is formed through polarization 

10 and retainmexit (or freeaing) thereof. In this 

embodiment , the retainable or persistent polar izat ion 
is representatively set up by (i) charge separation 
caused fay microscopic or macroscopic displacement of 
ion© contained in a paraelectric material, Cii) 

15 anisotropic al ignmont of intra™- molecular dipoie 
composed ot a. polar group, etc*, by an external 
electric field, or (iii) charge infection by corona 
discharge caused by a corona discharge electrode or 
occurring at g^ps between en electrode and a 

20 dielectric. 

Ion charge separation or a polariaefl cnarge 
by <lipole alignwenf. provides a he tero- charge of a 
polarity different from that of an external field 
application electrode, and a. spatial diaxrsre caused by 

25 charcje injection from an external electrode as by 

corona dischaxge provides a homo-charge of a polarity 
identical to that of the external electrode* 
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According to me^su remant by a -thermal stimulation 
current (TSC) F freezing at> retainment of a 

polarization charge is considered -to he caused fay a 
deep "fcr^p, etc- of electrons, holes or ions present at 
*2 non-aligned regions, such as crystal grain houndaries, 
within a paraeiecwic body, particularly a region 
close to the surface thereof . 

Eiectret formation may be performed through 
various p^ocftsaes, inclusive of, *=^a. r the following 

1 0 processes : 

(1) A paraelectrxo material heated to a proximity 
of softening temperature or malting temperature is 
cooled under application of a hifirh DC electric field 
(thereto— eiectret process) * 

15 (2 J Corona discharge onto a paraelectric material 

surface or a high I3C electric fieia {up to ca. 10 6 
V/cm) close to a breakdown voltage is applied across a 
paraelec-tric material at room temperature (electro- 
eiectret process) „ 

20 (3) Irradiation of a paraelectric material with 

liigh-©n**rgy radiation (snoh as electron rays and 
gamma- rays) in vacuum (radio-elect rat process) . 

(4) Application of a nigh nc voltage onto a 
paraelectnc material under ptioto-illumination (photo- 

25 eiectret process) - 

(5 j Mechanical deformation as by pr&ssurization, 
stretching, etc. (mechano-electret process)* 
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Hereinhelow, some specific examples of the 
elfiGtrophoretic display device according to the 
present invention will described. 
Example 1 

5 Figure 1 shows an example of electrophoretzic 

display device including two closed cells sack 
corresponding to a display segment (or P i*el) and 
comprising two opposing electrodes 4 and 5 each Having 
thereon an adhesive layer 8. Wore specif icaijy, each 
10 cell is defined hy a dispiay-sia« transparent 

substrate 1, a counter substrate 2 and a partitioning 
wall 3, and is filled with an electrophoretic layer 
(EL) -terming mixture compulsing a colored insulating 
liquid 6 and colored chargt-ti particles 7 dispersed in 
15 the insulating liquid 6. In each cell, the display- 
stae transparent substrate 1 is purdvicied with & 
transparent display electrode 4 and the counter 
sul>$trate 2 is provided with a counter electrode 5. 
Each of the display electrode 4 and the counter 
2Q electrode 5 is coated with an adhesive layer* 8, 

The electro^horetic display device w^y be 
produced along a process described hcreinbelow. 

Transparent display electrode 4 are formed on 
a transparent display suustrate 1, and counter 
25 electrodes 5 «*re formed on a counter substrate 2. 
Each of the substrates l and 2 may toe formed of a 
material showing a. high t ranejai ttanoe for visible 
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liglrfc ?md a High heat resistance, examples of which 
may include; inorganic materials, such as glass and 
quartz; and polymer films, such as polyethylene 
texephthalate (PET) and polyether sulfone (PES). In 
5 this example, glass subertrates were used. 

The transparent display electroae 4 may be 
formed or any transparent conductor material capable 
of -patterning. In tfcis example, a 200 nm-ttixck indium 
tin oj«id$ {XTO) film uras formed fay vapor ^ep^sition 

1Q and pattern^ into electrodes 4, The counter 

electrodes 5 aia^ also be foimed of such transparent 
conductor material & and also of metal conductor 
materials. In this example, a 200 nxu-tlniGk &1 film 
was formed by vapor deposition and patterned into 

15 el ectrodee 5 „ 

The adhesive layer 8 was formed of a n-fcmtyl 
acrylate-n-butyl methaeryiate copolymer. More 
specif icaXly, 50 vrt. parts of n-feutyl acrylate and 50 
wt. parts of n-butyl ntethaerylate wore dissolved in 

20 toluene to form a 10 wt. and l wt, % of 

2, 2 * -e^obisisohutylonitrile was added thereto as a 
polymerization initiator, followed by 3 hours of 
polymerization under bating at 70 °C, to form a 
polymer solution . 

25 The substrates 1 and 2 carrying the patterned 

electrodes 4 and 5, respectively, were coated with a 
resist so as to selectively expose the electrodes 4 
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end 5, and tnen coatad with the polymer solxxfcion t>y 
spin coating, followed by evaporation of tb.e solvent 
and reispvdi of tne resist to leave a ca. 500 nro-thick 
transparent adhesive layer & on each o£ tlte ftiectrodem 
5 4 anfl 5- Tfcie resultant polymer exhitoittia a cflaM 
transistor (Ty) of -15,4 °C as measured by weing & 
differential scanning calorimeter ( h t>$C3100" , rnfd- ny 
Mac Science K.KJ- 

Tnen, partitioning walls 3 are formed on the 

10 counter siibstrate 2. Tfce partitioning walls 3 may 
suitably be formed of a poiyater material ttirovgn any 
processes, e*g., a process including a sequence of 
application of a pnotoseneitive. resin layer, exposure 
and wet development ; a process ot bonding separately 

15 produced partitioning walls; or 3- process of forming 
partitioning wai is toy molding on d ligtrt trancmissive 
counter sunstrctte 2, In triis example , a process 
including application of photosensitive varxaish, 
exposure and wet deveiapmesiit was repeated in three 

20 cycles to form SO urn-niga partitioning; walls 3* 
0"l^en, ejlectrophcsretic layer- forming 

mixture comprising a colored insulating liquid 6 and 
colored charged particles 7 is pieced witnin the 
partitioning walls- The colored inflating liquid 6 

25 may foe formed by dispersing or dissolving a oolorant, 
anon as dye, in an insulating liquid, such as 
silicone oil, toluena, xylene or nigh-purity kerosene. 
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In this example. the colnred insulating liquid 6 was 
formed by dispersing an anthraquinone-based black dye 

in silicon^ oil. 

The colored charged particles 7 may comprise 

5 pigment particles or resin particles of e-g-, 

polyethylene or polystyrene containing powdery pigment 
dispersed therein capable of being chared in the 
colored insulating liquid 6- The colored charged 
particles 7 may generally have an average particle 

10 size on the order of o.l - 50 yxa. in thi* example, 

wftite particles having an average particle size of 0.5 
pm and prepared by dispersing whits powdery pigment 
(titanium oxide) in polyethylene particles. *he white 
resinous particles 7 thus pr^parad were confirmed to 

X5 he positively charged in th* ^ove-prepared colored 

insulating liquid 6- 

Finally. the transparent sub ftt rate 1 was 
applied onto the partlTioning walls 3 with a bonding 
agent to form a display device having a structure as 
20 shown in Figure 1 including two closed cells each 
measuring ca. S00 inn x ca. 500 pm. 
Comparative B^ mpl** l 

A display device was prepared in the same 
manner » in E*-ample 1 except for omitting the 
25 adhesivfe layers 8. 
( Operation) 

The thus-prepared two display devices having 
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simllar structaras as shown in Figure 1 except for the 
presence or absence of the adhesive layers 8 were 
driven by a drive circuit {not ahOwfl). More 
specifically, first, the electrodes 4 of a left oell 
5 and a right cell of each device were supplied with -50 
volts and +50 volts, respectively, relative TO the 
counter electrodes 5. As a result, in the left ceil, 
the positively charged white particles 7 were migrated 
and attached to -Che -transparent display electrode 4 so 
10 that the cell displayed the white color of the 

attached charged particles 7. and in the right eelii, 
the positively charged white particles 7 were migratefl 
and attached to the counter electrode 5, whereby the 
right cell exhibited the black color of the colored 
IS insulating liquid 6- The response speed was $0 msec. 
The display devices of Example 1 and comparative 
Example 1 exhibited simile drive characteristics. 

When the external circuit was made open with 
respect to the display device of Comparative Example 
20 1, no change was observed- However, after 5 hours of 
standing, a noticeable change in displayed colors was 
observed due to partial liberation and diffusion of 
the colored charged par Licles ? from the fixing 
surfaces. Then, the external circuit was closed to 
25 apply the initis.1 voltages thereby restoring the first 
display state, and then the transparent display 
electrode 4 and the counter electrode 5 were short- 
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circuited, whereby almost all the colored charged 
particles were liberated and diffused into tho liquid 
and the color display state vrae lost within several 
minutes » 

5 Separately, when the display devic© of 

Example 1 in the color display state shewn in, Figure i 
was similarly brought to the circuit open state, no 
change was observed at ail even axter , 50 hours of 
standing. Then, the transparent display electrode 4 

ID and the counter electrode 5 were short-circuited, 
whereby no change was observed a"t all even after 50 
hours of standing, so that the realisation of a good 
memory charaeteri sti c was confirmed. 

The display devices of Example 1 and 

15 Comparative Example 1 were both subjected to 

application of rectangular pulse voltages of 50 msec 
arid various amplitudes » As a reenlt, the display 
device of Comparative Example 1 having tio adhesive 
layers exhibited a fewitcfting threshold voltage of ca. 

20 10 volts,, wheraas the display device of Example 1 

exhibited an increased threshold voltage Of 35 volts 
and remarkably improved gamma-characteristic - Further 
even alter repetition of 100 cycles of switching by 
application of rectangular pulse voltages nf 50 msec 

25 and ±56 volt*, no change In drive characteristics was 
observed. 
Eacamule 2 
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ha 6lectros>horetic display devi qfe Having a 
stn;c ture as show** in Figure 2 using adhesive colored 
charged particles 13 was prepared in the same manner 
as in Example 1 except for using -tna adhesive colored 
Charged particles 13 instead ox the colored charged 
particles 7, omitting adhesive layer$ on tne 

©lectro^^ and using a colored insulating li^id 6 of 
isoparaffin (TeoparV mfd. by Exacon Cheminal America 
Co,) instead of the silicone oil. 

The adhesive colored charged particles 13 
were prepared ae follows. A bXend of 1-5 g of 99 %- 
saponified PVA (polyvinyl alcohol) and 0. 06 g of 90 %- 
saponified PVA both having an average molecular weight 
of 500 was dissolved in 200 g of water under heating 
to form a FVA solution. 

The PVA solution was mixed with 90 g at a 
xnoncntefisr mi attire of n-b«tyl ac*ryiete/xi-butyl 
methacrylate (50/50 by weight), 10 g of titanium oxid* 
powder and 1 g of ammonium persalfgtp, and the mixture 
was cooled on ice in a. nitrogen atmosphere, followed 
fey dropwise addition of 1 g o£ te-fcraunfiethyl ethylene- 
diamine under vigorous stirring ana 12 hours of 
polYHKax-izatian under the state- The reaction solution 
was poured into methanol, and the supernatant liquid 
; was removed by decant at ion ^ The poiymsriaate was 
further washed with methanol and water to recover 
adhesive white particles, which exhibited Tg = -13 _6 
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°C as measured by a differential scanning calorimeter 
("DSC 3100" „ mXd- by Mac Science ) - Tiie white 

particles were tacky particles crt room temperature (25 
Q C), 

5 Trie thus -prepared display device having a 

structure a© shown in Figure 2 was driven by a drive 
circuit (not shown) . More specifically, first, trie 
electrode^ 4 of a left cell and a right cell of each 
device were supplied with -50 volts and +50 volts, 

10 respectively* relative to trie counter electrodes 5. 
As a resmlt, in the left cell, the positively charged 
white particles 13 were migrated and attached to the 
transparent display electrode 4 so that the cell 
displayed the white color of the. attached charged 

15 particles 13, and in the right cell, the positively 
ch^ged wnite particles 13 were migrated and attached 
to the counter electrode 5, whereby the right cell 
exhibited the black color of the colored insulating 
layer 6* 

20 When the display device of this example in 

the color display state shown in Figure 2 vats brotight 
to the circuit open state, no change -was observed at 
all even after 50 hours of standing. Then, the 
transparent display electrode 4 ana the counter 

25 electrode 5 were short-circuited* whereby no vhaftge 
was observed at all even after 50 hours of standing, 
so that the realisation o£ a good memory 
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char€±c"teri^tAo was confiraftd. 

The display device of this example was 
subjected "to application of rectangular pulse voltages 
of 50 msec and various amplitudes!, whereby the display 
5 device oachibited a threshold voltage OT 30 volts and a 
good gamma-characteristic similarly as in Exeunple 1. 
Further even after repetition of 100 cycles of 
switching hy application of rectangular pulse voltages 
of 50 msec and ±50 volts, no change in drive 
10 characteristics was observed. 
Example 3 

Tliis ©Kamplfi is presented for describing the 
applicability of nhe present invention to a horizontal 
piovement-type electrophoretic display device as 

15 disclosed in JP-A 10-005727. 

Figure 5 is a schematic sectional view of a 
display device of this example including- two closed 
cells, each corresponding to one pixel (or display 
segment)* Referring to Figure 5 r in each cell, an 

20 entire pixel- forming surface of a display substrate 1 
is provided with a white di&play electrode 25, on a 
part of which a black display electrode 24 is disposed 
via an insulating layer 15 covering the white display 
electrode 25 ^ Further , a characteristic adhesive 

25 layer 8 of tha present invent! an is formed on the 
black display electrode 24 and on a part of the 
insulating layer 15 aJbove the white display electrode 
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25. A. hollow cell surrounded by the display suftstrate 
1, the colter substrate 2 and the partitioning walls 
3 ±s filled with » eiectrophoretic layer (EL)-f orming 
mixture comprises & transparent insulating liquid 26 
and black charged particles 7 dispersed in tha liquid 
26- m each cell, the charged particle 7 are 
Horizontally moved relative to the display substrate 1 
and selectively collected on the black display 
electrode 24 or he white display electrode 24 abow. 
Liie display substrate to effect a display. 

When the black charged particles 7 in the 
transparent insulating layer 26 are collected on the 
wiiite display electrode 25 as shown in a aright cell 
by voltage application, the black charged particles 7 
; &nd the black display electrode 24 are observed 
(displayed) to the viewer through the transparent 
counter substrate 2. On the other hand, when the 
black charged particles 7 are collected on the black 
display electrode 24 as shown in the left cell toy 
0 applying a voltage of a different polarity, the wliite 
display electrode 25 is observea -co provide a white 
display state. If the white display electrode 25 is 
formed in a larger area than the black display 
electrode 24, the color o£ the White display electrode 
15 25 provides a dominant display state. More exactly, 
the color of the white display electrode 25 may be 
determined by the color of the insulating layer 15, 
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tlie white display electrode 25 per se or "the display 
subs-b irat^ 1 t he rebe 1 ow T 

A spfeCIXlc display device of -this example was? 
prepared as follows <, A display substrate 1 was formed 
5 of a 200 pm-thicfc translucent PET film. An ITO film 
was formed on the display substrate 1 end patterned 
into stripes to form white display electrodes 25 , 
which were then coated with a white insulating layer 
15 comprising FET with tltaniuim oxide particles 

10 dispersed therein. 'Then,- on the insulating layar 15, 
a dark-colored titanium carbide film was formed and 
patterned by photolithography including dry etching 
into 50 pro-wide sttipes to form black display 
electrodes 24 „ 

15 Then, on adhesive layer 8 was formed on the 

electrodes with a a n-birtyl acrylate^n-butyi 
methdcryiate copolymer- More specifically, $0 wt . 
parts o£ n-butylacrylate and 50 wt. parts of n -butyl 
jnetheorylate were dissolved in toluene to form a 10 

20 wt< %-^olution, and 1 wt. % of 2,2' -a^obisisoburhylo- 
nitrile was added thereto as a polymerisation 
initiator r followed by 3 hours of polymerisation under 
heating at 70 °C. to form a polymer solution* The 
polymer solution was then applied by spin coating over 

25 the black display electrodes 24 and the insulating 

layer 25 above the white display electrodes 25 to form 
a ca. 500 run- thick adhesive layer B, which exhibited a 
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Tg of -15.4 °C, 

The display sub&trat^ I was further coated 
with a. 50 pro-tlilck photosensitive resist ( a £u-8", mfd. 
by 3m Co-)* followed toy exposure and. wet development 
5 to form partitioning walls 3 of 50 inn in height. 

Then, a layer of feaat-tonding adhesive was applied on 
r.op of the partitioning walls 3 r and the respective 
efells surrounded by the partitioning walls 3 were 
filled with, a mixture of a transparent insulating 

10 lii^uid 26 o£ silicone oil and black charged particles 
7 of a polystyrene-carbon mixture and 1-2 yun in 
particle size . To the silicon© oil, 0*5 wt m % each of 
alumina and silica, fine particles had been added as 
polar ion-adsorbers. Separately, a pattern of heat- 

15 bonding agent layer was applied on ^ counter substrate 
2 r and the counter substrate 2 was superposed on the 
display substrate 1 with alignment of the heat-bonding 
agent layer to the partitioning walls 3, followed by 
h£&at -bonding to form a. display device having a 

20 structure as shown in Figure 5 providing two display 
segments each, measuring ea. 200 pm at ca. 200 pm. 
Comparative Example Z 

Accomparative display device was prepared in 
the same m&uaner as in Example 3 except for fenning a 

25 ca. 500 nm-thick polyimide film instead ol the 
adhesive layer 8, 
(Operation) 
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The thus-prepared two display devices having 
similar structurefi as shown in Figure 5 except for the 
difference of the adhesive layer 8 or the polyimicle 
film were driven by a drive circuit (not shown) . Moi?e 
5 specifically, first, the black display electrodes 24 
of a left cell anfl a right cell of each device wer6 
supplied with -50 volts and +b0 volts, respectively, 
relative to the white display electrodes 25 placed &± 
a ground potential* As a result, in the letfi. cell, 

10 the positively charged black particles 7 were migrated 
and attached to th& alack display electrode 24 so that 
the cell displayed the white color of the display 
electrode 25, and in the right cell, the positively 
charged black particles 7 w«r^ migrated and attached 

15 to the white display electrode 25, whereby the right 
cell exhibited the bleick color of the colored charged 
particles 7 and the black display electrode 24- The 
response speed was 50 msec- Th(& display devices of 
Exaacpla 3 and comparative Example 2 exhibited similar 

2U drive, characteristics , 

When the external circuit was made open with 
respect to the display device of Comparative Example 
2, no change was observed. However , after 5 hours of 
standing, a noticeable change in displayed colors was 

25 observed due to partial liberation and diffusion of 
the colored charged particles 7 from the fixing 
surfaces. Then, the external circuit was closed to 
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epply the initial voltages thereby -^restoring the first, 
display starts, and. then the black display electrode 24 
and the white di&play electrode 25 were short- 
circuited, whereby almost all the colored charged 
5 particles were liberated and diffused into the liquid 
and the. color display state was lost within several 
minutes T 

Separately^ when the display device of 
Example 3 in the color display state shown in Figure 5 

10 was similarly brought to the circuit open states no 
change was observed at all even after 50 hours of 
standing . Tlwn, the black display electrode 24 and 
the white display electrode 25 were short -circuited, 
whereby no change was observed at all e^Ti after 50 

15 hours of standing , so -that the realization of a. good 
memory characteristic was confirmed* 

The display devices of Example 3 and 
Comparative Example 2 were both sub3ected to 
application of rectangular pulse vgltag^ of 50 rasec 

20 and various amplitudes. As a result; the display 
device of Comparative Example 2 having no adhesive 
layers exhibited a switching threshold voltage of ca. 
5 volts, whereas the display device of Example 3 
exhibited an increased threshold voltage of 35 volts 

25 and remarkably improved gamma-characteristic - Further 
even after repetition of 100 cycles of switching by 
application of rectangular pulse voltages of 50 msec 
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atid ±50 volts, no change in drive clis^acteristice wass 
observed „ 

as is understood from the above examples, 
according to the present invention., even In a driv^ 
5 system §vch as 3. simple matrix drive wherein the 

circuit-open state is not: effectively retained, a good 
memory characteristic is exhibited. Further, as the 
surface charge on the adhesive layer is never 
released, a statue memory characteristic an be 
10 realised for a long period* Further, a threshold 

voltage corresponding to an adsorption or attachment 
enercfY on the adhesive layer is imparted whereby an 
elactrophoret.ic display device having a remarkably 
improved ^amma-ctiarac-t^ristic i© realized- 

Figure 9 shows an example of electrophor$tic 
display device including two closed cells each 
corresponding to a display segment (or pixel) end 
comprising two opposing electrodes 4 and 5 each having 

20 thereon a charged layer 18- More specifically, each 
i is defined by a displey-siae transparent 
siib^trate 1 r a pounter substrate 2 and a partitioning 
wall 3, and filled with oil electrophgretic layer 
(EL) -forming mixture comprising a colored insulating 

25 licpaid 6 arid colored charged particle© 7 dispersed ixi 
the insulating liquid 6. In each cell, the display- 
side transparent substrate l is provided with a 
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transparent display electrode 4 ^.yid the counter 
substrate 2 is provided with a counter electrode 5 * 
Each of -tine display electrode 4 and -the counter 
«l^ctrode 5 is coated wit** a charged layer 18 „ 
5 The electropho^^tic display device m&y be 

produced along a process describea herainbelow . In 
"this specific example, the charged film 18 was formed 
of -a tetraf luoroethylene-heacaf luoropropyiene copolym^i* 
film and converted into an electret by corona 

10 discharge at an elevated temperature. 

First of all, transparent display electrodes 
4 were formed on a. transparent display substrate 1, 
and counter electrodes 5 were formed on a counter 
substrate 2. Each of the substrates I and 2 may be 

IS formed of a material showing a high transmittzmce fox 
visible light ax^d a high tie at resistance, examples of 
which may include: inorganic materials, such aa glass 
and quartz; and polymer: fi&ms, such as polyethylene 
te rephthal ate (PET) and polyetner sulfone (PES)- In 

20 this example, glass substrates were used. 

The transparent display electrode 4 may he 
formed of any transparent: conductor material capable 
of patterning. In this example, a 200 nm-thick indium 
•tin oxide CSTO) film was formed by v^por deposition 

25 and patterwad into electrodes 4- The counter 

electrodes 5 may also be formed of such transparent 
conductor materials and also of metal conductor 
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materialfe* In this sample, a 200 ww-thiok Al film 
w as formed by vapor deposition end patterned into 

electrodes 5« 

The respective electrodes were subjected to 5 

5 min of etctiing for surface roughening to provide an 
Improved film adhesion, and then 5 pm-tlaiok tef lon-KfiP 
I tetrafluoroethylene-bexafluoropropylene copolymer) 
transparent sheets were superposed onto the electrode- 
retaining surfaces of the respective substrates, 

10 followed by application of a load thereon, heating to 
300 °C for melt-bonding of the sheets and gradual 
cooling to form a 5 pm-thick coating of the sheet over 
the electrodes. 

Then/ the tef lon-FEP sheets wer& coated with 

15 « resist left in the pattern of the segments, and the 
exposed portions of the sheets were removed together 
with the electrodes therebelow by successive etching 
with oxygen plasma and Ar plasma, thus leaving segment 
electrode patterns coated with the 5 iom- thick teflon- 

20 FEP film. 

The substrates carrying the film-coated 
electrodes were disposed within a thermostat chamber 
together with a knife edge electrode attached to &ti 
XTZ-di3pl^aeucnent drive mechanism. The knife edge 
25 electrode was disposed with a gap opposite to the 

teflon- FEP film surface „ After setting the gap at 200 
|im , the temperature within the chamber was held at 300 
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°C and a voltage of -5 kV was applied to the knife 
edge electrode relative to the electrode D^lcw the 
tef lon-FEP film to cause corona discharge batwean the 
electrodes wh£Xe moving the knife edge electrode 
5 parallel to the film surface reciprocally at <* 

constant speed to expose the entire tef lon-FEF film 
surface uniformly to The corona discharge, followed by 
gu^nching with dry nitrogen to complete an electret- 
f o rming t reata^nt . 

10 The thus treated teflon-F£P film exhibited a 

good transparency and also a surface potential of ca. 
35 volts below that of the respective electrodes, 
wtiere the formation a£ charged films 16 on each of the 
transparent display electrodes 4 and the counter 

3 5 electro^ 5* 

Then, partitioning walls 3 were formed an the 
counter substrate 2 - The partitioning walls 3 may 
suitably he formed of a polymer material through any 
processes!, e»g* / a process including a seojuence of 

20 application of a photosensitive resin layer , exposure 
and wet development ; a process of bonding separately 
produced partitioning walls ; or a process of forming 
partitioning vraJlfi hy molding on a light transmissive 
counter substrate 2 » ' In this example, a process 

2S including application of photosensitive varnish, 
exposure and wet development wa^ repeated in three 
cycles to form 50 pm-high partitioning walls 3. 
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Theai r an electrophoretic layer- forming 
mixture comprising a colored insulating licjuid 6 and 
colored charged particles 7 was placed within the 
parti tLioning walls. The colored ineulating licpiid 6 
5 may be formed by dispersing or- dissolving a colorant, 
bucii as dye, in an insulating X±^u±t3. r such as 
silicone oil, toluene, xylene or hi^h-p^rity kerosene. 
In -this e;*eu«ple,. "the colored insulating liquid 6 was 
fanned 4 hy dispersing »n antiiraquitto^e-i^^^d hlacK dye 
10 in silicone oil, and 0.5 *rt- % each at uitrafino 
alumina and siliO^ particles were added -thereto as 
polar ion ddsorbents - 

The colored charged particles 7 may comprise 
pigment particles or resin particles or e*g-, 
15 polyethylene or polystyrene containing powdery pigment 
dispersed therein ospafeie of being charged in tiie 
colored insulating liguid 6. The colored charged 
particles 7 may generally have an average particle 
size on the order of 0.1 - 50 pm. In this ex&iaple, 
20 white particles having cm ^r^e particle sijse of 0.5 
vnn and prepared hy dispersing white powdery pigment 
(-titanium oxide) in polyethylene particles were used. 
The white resinous particles 7 thus prepared were 
confirmed to he positively charged in the above- 
25 prepared colored insulating liquid 6. 

Finally, the transparent substrate 1 was 
applied onro the partitioning walls 3 with a hondipg 
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agent "Co form a display device having- a structure as 
shown in Figfiite l Having- two display segments each 
jcn^asnnng ca. 500 pn x ca, 500 vtm. 
C omparati ve B^FTTfP 1 3 
5 A display device waa prepared in the same 

manner in Example 4 except for omitting the 

electret- forming treatiaMrt -to the t^flon-FEP film on 
-the electrodes - 
{Operation ) 

10 The thus-prepared twc» display devices Having 

similar strmcturas as shown in Figure 5 except for the 
presence or absence of negative charge on the films IS 
were driven by a drive circuit (nor shown) . More* 
specif ieally, first, the electrodes 4 of a left cell 

15 and a right cell of each device were supplied with -50 
volts and +50 volts, respectively, relative to the 
counter electrodes 5* Ae a result, in the left cell, 
the positively charged whit^ particles 7 were migrated 
and attached to tne transparent display electrode 4 so 

2D that the cell displayed the white color of the 

attached charged particles 7, and in tne right cell, 
the positively charged white particles 7 were migrated 
and attached Lo -the counter electrode 5, wherftfay the 
right cell esthibited the black color of the colored 

25 insulating liquid 6- The response speed was SO msec 
The display devices of Example 4 and Comparative 
Example 3 exhibited esimilar drive characteristics- 
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When the external circuit was made open wit** 
respact to the display device of Comparative Example 
3, no change was observed. However, after 5 hours of 
standing, a noticeable change in displayed colors was 
5 obs^rvsci due no partial liberation and diffusion of 
the colored charged particles ? from the fixing 
surfaces. Then* the external circuit was closed to 
^PP^X the initial voltages tnerehy restoring the first 
display state, and then tlxa transparent display 
10 electrode 4 end the counter electrode 5 were shoxt- 
cixcuited, whereby almost all the colored charged 
particles were liberated and diffused into the liquid 
. and the color display state was lost within several 
minutes . 

15 Separately r when Che display device of 

Exaxrrple 4 in the color display state enown in Figure 5 
was similarly brought to the circuit open state* no 
change was observed at all even after 50 hours of 
standing- Than,, the transparent display electrode 4, 

20 ana ttie counter electrode 5 were short: - ci jrciai tea , 
whereby no change wgs onserved at all even after 50 
hours of standing, so that the realization of ^ good 
memory characteristic was confirmed. 

Then, the respective cells were supplied with 

25 opposite-polarity voltages, whereby the cells 
exhibited respectively inverted display colors. 
Accordingly, it was confirmed tbat the adsorption by 
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■the. charged films exerted little adverse effects to 
the drive characteristic 
Example 5 

An electraphoretic display device having a 
5 st metope as shown in Figure 10 sing charged films 18 
comprising an inorganic dielectric of 1 anth^num- added 
lead asirconate titanate (PLZT) was prepared in the 
same manner as in Example 4 except tor using the 
charged film IS instead oif the electret filing 18 or 
Ui teflon-FEF in Example 4- Figure 10 shows a state of 
the charged films 18 wherein dipole moments in 
respective polarization domain in a dielectric phase 
are uniformly oriented toward the substrates* 

The PLZtf charged filma 18 were prepared in 
15 the following manner. FLZ5T films may be formed 
through a sal-gel process, sputtering or a CVD 
(chemical vapor deposition) process* The PLZT films 
13 in this e&ampie were prepared by sputtering- 

Bach of wrtz glass-made substrates 1 and 2 
20 carrying transparent electrode® 4 arid Pt-made counter 
electrodes 5 was r-natfid with a 250 nra~ thick PLZT 
(lanthanum-added lead zirconate titanate) in a 
stoichiometric compoei t i onal ratio hy ftigh-f reqjiency 
sputtering - 

25 The deposited amorphous PLZT film was 

selectively heat- 1 rent ed at 550 - 650 °C for 1 min. by 
illumination with light from a halogen lamp to he 
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perovsKite-f orm crystal structure shading 
f erroelectricity- The thus-formed FLZT ferroelectric 
film exhibited a traasmittanee of ca. 70 %. The PLET 
film was forced into desire** patterns tsy resist 

5 patterning and dry etcning-* 

Then, above the PLST film on each substraLe, 
a parallel plate metal electrode was disposed with a 
gap of 200 pm, and the PLZT film under heating at 90 
°C was subjected to poling by applying a voltage oi 3 -1 

10 kV to the transparent display electrodes 4 (6r Ft- 
counter electrodes 5 J relative to rue parallel plate 
metal electrode, thereby forming charged films 18* 

By using the substrates 1 and 2 provided with 
the charged films of FLZT, a display device having a 

15 structure shown in Figure 10 and two display segments 
each measuring ca- 200 pin x ca. 200 pan. was prepared 
thereafter in the same manner ae in Example 4. 

The tiros-prepared display device was driven 
by a drive circuit (mot shown). More specifically, 

20 fir^t, the electrodes 4 of a left csll and a right 
cell of each device were supplied with -50 volts and 
+50 volts, respectively, relative to the counter 
electrodes 5 • As a result, in the left cell, the 
positively charged white particles 7 initially 

25 dispersed in tile black insulating liquid S were 
migrated and attached to the transparent display 
electrode 4 so that the ceil displayed the white color 



-50- 



o£ titie attached uharged particles 7, and in the right 
cell, the positively charged white particles 7 were 
mig-ratfid and attac&sd to tins counter electrode 5, 
wheret>y the rignt cell exhibited the black colai of 
5 tte& colored. insulattTig liquid 6. Thsi response speed 
was BO msec. 

When the display device of Example* 5 in the 
color display state shown in Figure 10 was brought to 
a circuit op&n state, no chaxige was observed at all 
10 even aft^r 50 ngurs of standing-. Then, the 

-transparent display electrode 4 &ru$ the counter 
elftctrode 5 were short -circuited, whereby no cnange 
was observed at all even after 50 hours or standing, 
so that the realisation of a good memory 
15 characteristic was confirmed. 

This example is praBer±ed £gr describing tlie 
applicability of the present invention to a horizontal 
ittoveiaent-tTpe eleatropharetic display device as 
20 disclosed in JP-A 10-005727. 

Fi giaires 13 is a schematic sectional view of a 
display device o1z this example including two closed 
cells r each corresponding to one pixel (or display 
segment) , Referring to Figure 13, in each cell, an 
25 entire pixel -farming surface of a display substrate 1 
is provided with a white display electrode 25 , on a 
part o± which, a black display electrode 24 is disposed 
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via an insulat ±rLg lay or 15 covering the white display 
electrode 25. Further, a characteristic charged film 
15 of the present: invention is formed on the blaclt 
display electrode 24 and on a part of tba insulating 
S layer 15 alcove th© white display electrode 25 • A 

hollow cell surrounded by the display substrate 1, the 
counter feubstrate 2 and the partitioning walls; 3 is 
filled with an electrophoretic layer (EL) -forming 
mixture comprising a transparent insulating liquid 26 
10 and bl9Ck charged particles 7 dispersed in the liquid 
26. In each cell, the charged particle 7 are 
horizontally movad relative ro the display substrata 1 
and selectively collected on the black display 
electrode 24 or the white display Electrode 24 above 
15 the display substrata to effect a display. 

When the blacK charged particles 7 in the 
transparent insulating liquid 26 are collected on the 
white display electrode 25 as shown in a aright cell 
by voltage application, the Dlack charged particles 7 
20 and the. bladk display electrode 24 are observed 
(displayed) to the viewer through t**e transparent 
counter substrate 2, On the other htind, when the 
Diack charged particles 7 are collected on the black 
display electrode 24 as shown in the left cell by 
25 applying a voltage of a different polarity,, the white 
display electrode 25 is to provide a white display 
state* l£ the w*iit^ display electrode 25 is formed in 
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a larger area than the black display electrode 24, the 
color of the white display electrode 25 provides a 
dominant: display state. More exactly, the color of 
tne white display electrode 25 may be determined by 
5 the CO J or of t&E insulating layer 15, tne wfcite 

display electrode 25 per se or the display substrate 1 
therebelow . 

A specific display device of this example was 
prepared as follows. A display substrate 1 was formed 
10 of a 200 um-thick translucent PET film. An ITO film 
was formed on the display substrata 1 and patterned 
into stripes to form white display electrodes 25, 
which were tnen coated with a white insulating layer 
15 comprising PET with titanium oxide particles 
15 dispersed therein. Then, on the insulating layer 15, 
a dark-colored titanium carbide film was formed and 
patterned by photolithography including dry etching 
into 50 yuu-wida stripes to form black display 
electrodes 24,. 
20 Then, a charged fil» IS was formed on the 

electrodes with polyvj-nylidene fluoride fPVDF) as a 
polymeric ferroelectric material. Mora specifically, 
PVdf in a pellet form was dissolved in 
dimethyl acot amide (DMA) to form a 10 wt. % solution 
25 which was then cast over the black display electmriae 
24 and the insulating layer 15 on the white display 
electrodes ana patterned to form a 2 iim-thicx PVDF 
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film on the alectroaea. 

Then, above tfre FVDF film an the display 
substrate 1* * parallel Plate metal electrode was 
disposed with a gap of 200 pm, and Lhe FVDF film under 
5 heating at 100 °C was subjected to poling by applying 
a voltagfe of +1 KV to the black display ei^crrodes 24 
and the wbita display electrodes 25 relative to the 
parallel plate metal electrode for ca. 15 min, 
followed by cooling to room temperature to form 
10 Charged films 18. 

Tbe Uisplay substrate 1 was JCurther coated 
wit* a 50 pm-thick photosensitive resist ("SU-8", mfd. 
by 3M Co.), followed by ©xpostire ana wet development 
to foxm partitioning walls 3 of 50 vim in lie i girt. 
15 Tiieri, a layer of beat-bonding adhesive ^as applied on 
top of The partitioning walls 3, and the respective 
cells surrounded by the partitioning walls 3 wer& 
filled with a i&ixture of a transparent insulating 
lsyeir 26 of silicone oil and black charged particles 7 
20 of a polystyrene- carbon mixture and 1 - l **m in 

particle size- To the silicone oil, 0.5 wt- % each of 
alumina and silica fine particles bad been added as 
polar ion-adsorbers. Separately, a pattern of beat- 
bonding agent layer was applied on a counter substrate 
25 2 , and tti^ counter substrate 2 was superposed on the 

display substrate 1 with alignment of the beat-bonding 
agent layer to the partitioning walls 3, followed by 
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heat-boadins to & display device h&ving a 

structure as 5?hown in Figure 5 and two display 
segn^Tits each measuring ca. 200 pm x ca, 200 *im. 
C omparative Example 4 
5 A comparative display device was prepared in 

the same maimer as in Example 6 excapt for forming a 
ca* 2 fxm- thick polyimida film without poling instead 
o£ the poled PVDP EiXms 18 . 
(Operation) 

xo The thus-prepared two display devices o£ 

Example 6 and Comparative example 4 having similar 
structures as shown in Figure 10 except for the use o£ 
the poled FVDF-filai 16 and the non-pol6d polyimide 
film IS were driven by a drive circuit (not shown) . 

15 More specifically, first, the black display electrodes 
24 of a left cell ana a ^ight cell of each device were 
supplied with -50 volts and +50 volts, respectively , 
relative to tbe white display electrodes 25 placed at 
a ground potisntial, Ae a result , in the left call, 

20 rhe positively charged black particte^ 7 were migrated 
etna attached to the black display elect rpde 24 so ttiat 
the cell tfifcplayed the white color of the aisplay 
electrode 20, and in the right cell w the positively 
di&r^ed, black particles 7 were migrated attached 

25 to the white display electrode 25, whereby the right 
cell exhibited the black color of "the charged 
particles 7 and the fclack display electrode 24* The 
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response speed was 50 msec Thfi display devices ©f 
Example 6 'and Comparative Example 4 exhibited similar 
drive characteristics „ 

When the external ei rraiit was mad.« capen with 
5 respect: "to the display device of Cojaparative Example 
4, no change was observed. However,, after 5 hours of 
standing, a noticeable change in displayed colors wa-s 
observed due to partial liberation ana diffusion o! 
tiie colored charged parti oiess 7 from the fixing 
10 surfaces- Then, the* external circuit was closed to 

eippxy the initial voltages thereby restoring the first 
display state, and then the blacK display electrode 24 
and the white display electrode 25 were short - 
circuited, whereby almost all the colored charged 
15 particle were liberated and diffused into th& li<juici 
*£iid the color display state was lost within several 
minutes - 

Separately r wnen the display device of 
Exantple 6 in the color display state shown in Figure 
20 13 was similarly brought to the circuit open state, no 
change wa© observed at all even after 50 hours of 
standing. Then, the black display electrode 24 and 
t.M« white display electrode 25 were short-circuited, 
whereby no change was observed at all even after 50 
25 hours of standing, so tuat the realization of a good 
memory characteristic was confirmed. 

As ie understood from the above examples. 
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^ntr-arding to the present invention, «ven ixi a dri^e 
system such as a simple matrix drive wherein the 
circuit-opon state is not effectively retained, a good 
memory characteristic is exhibited. Further, as the 
5 surface charge on the charged layer is never released, 
a stable memory characteristic cauu bo realised for a 
long period . 
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WHAT IS CIA! MSP IS: 

1- An elactrophoratic display device of a cell 
structure , coictprising 1 : at least two electrodes, fixing 
surfaces each associated with one of said at: least two 
5 eie-cvtixades, en eleotropharetio layer disposed in the 
cell and comprising an insulating liquid and colored 
charged particles disposed in the ftlectrophoretic 
layer, and voltage application jraeans for applying a 
voltage between the electrodes therehy causing 

LO migration of the colored charged particles toward 
and collective attachment onto one o£ the fixing 
surfaces; wherein at least one of the fixing surfaces 
and the colored charged particles is provided with an 
adhesive layer- allowing repetitive attachment thereto 

15 and separation therefrom of the coloaned charged 
particle - 

2, A display device according to Claim 1, 
wherein, said adhesive layer comprises a polymer having 

2Q a glass transition temperature CTg) of -35 °C to +35 
°C and comprising ^t least one polymer species 
selected from the group consisting at 
poly(meth)acrylate esters, polyCmath)acrylic acid 
poly(meth}aerylanitrile, poly(methJaczylamide, 

25 polyvinyl esters and polyvinyl ethers* 



3 . A display device according to Claim 1, 
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wherein said fixing surfaces are each given a£ a 
surface of om of said at least two electrodes. 

4. A display device according to Clctim 1, 
5 wher^iA said insulating licjuid has a volumetric 

resistivity of at least 10 X2 ohm. cm. 

5, A display device according to Claim i , 
wherein said two electrodes are. oppositely disposed 

10 in th<s cell structure so as to allow vertical movement 
of the colored charged particles between the 
electrodes „ 

6i A display device according to Claim 1, 
15 wherein said two electrodes are disposed on an 

identical plane in ttie cell structure so as to allow 
horizontal movement parallel to the plane of tne* 
colored charged particles, 

20 7* An electrophoretic display devioe of a cel3 

structure*, comprising: at least two electrodes, fixing 
surfaces each associated with one of said at least two 
electrodes, an ^lectrophoretlc layer flisposed in the 
ceil and comprising an insulating liquid and colored 
25 charged particles disposed in the electrophoretic 
layer, and vol tags application means for applying a 
vpltage between the electrodes thereby causing 
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itul gyration of tne colored charged particles toward and 
collective attachment onto one of t*ie fixing surfaces; 
wherein the fiasipg surfaces are provided with a 
charged film having a constant surface charge of a 
5 polarity opposite -to that of the colored charged 
particle© f 

8* a display device according to claim 7. 
wherein said charged film is formed on the filing 
XO surfaces given hy the electrodes. 



9- A display device according to Claim 7, 
wherein setid charged film comprises ei ferroelectric 
material or an el^etret material* 

10* A display device according to Claim 7, 
wherein said insulating liguia has a volumetric 
resistivity of at least 10 12 ohm. cm. 



20 11- A display device according to Claim 7 , 

Wherein said tWO electrodes are oppositely disposed 
in the cell structure so as to allow vertical movement: 
of the colored charged particles berwesn the 
electrodes . 

25 

12, A display device according to Claim 7, 
wherein said two electrodes are disposed on axt 
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identical plane in the O&H structure so as to allow 
horizontal movement parallel -to the plane of th* 
colored charged particles* 
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AB STRACT OF THE DISCLOSURE 

An electropnoretic display device capable of 
realizing a stable memory characteristic without 
relying on a ci rcrui t- open state is provided. The 
5 electrophoretic display device has a cell structure 
including at lw$t two electrodes, fixing surfaces 
each associated with one of said at least -two 
electrodes, am electraphoretic layftr disposed in th.<* 
cell snd comprising an insulating liquid ^nd colored 

10 charged particles? disposed in the electropb orotic 
layer, and voltage application means for applying a 
voltage between the electrodes thereby causing 
migration of the colored charged particles toward and 
collective attachment onto one of the fixing surfaces; 

15 wherein at least one of the fixing surfaces and the 

colored charged particles providea with an adhesive 
layer allowing repetitive attachment thereto and 
separation therefrom of the colored ohargod particles: 
or the fixing surfaces are provided with a charged 

20 film having a constant surface change of a polarity 
opposite to that of the colored charged particles. 
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COMBINED DECLARATION AND POWER OF ATTORNEY 
FOR PATENT APPLICATION 

(Page 1) 



As a below named inventor, I hereby declare that: 

My residence, post office address and citizenship are as stated below next to my name. 

I believe I am the original, first and sole inventor (if only one name is listed below) or an original, first and joint inventor (if plural names 
are listed below) of the subject matter which is claimed and for which a patent is sought on the invention entitled ELECTROPHORETIC 

DISPLAY DEVICE 



the specification of which | X | is attached hereto 



was filed on as United States Application 



No. or PCT International Application No. 

and was amended on (if applicable). 

I hereby state that I have reviewed and understand the contents of the above-identified specification, including the claims, as amended by any 
amendment referred to above. 

I acknowledge the duty to disclose information which is material to patentability as defined in 37 CFR §1.56. 

I hereby claim foreign priority benefits under 35 U.S.C. §119(a)-(d) or §3 65(b), of any foreign application(s) for patent or inventor's 
certificate, or § 365(a) of any PCT international application which designates at least one country other man the United States, listed below and have 
also identified below any foreign application for patent or inventor's certificate, or PCT international application having a filing date before that of 
the application on which priority is claimed: 

(Yes/No) 

Country Application No. Filed (Day/Mo ./Yr.) Priority Claimed 

JAPAN 1 1-003 1 86 08/JANUARY/1999 Yes 

JAPAN 11-003187 08/JANUARY/1999 Yes 

JAPAN 1 1-301 180 22/OCTOBER/1999 Yes 

JAPAN 1 1-301 179 22/OCTOBER/1999 Yes 

I hereby claim the benefit under 35 U.S.C. § 120 of any United States applications), or § 365(c) of any PCT international application 
designating the United States, listed below and, insofar as the subj ect matter of each of the claims of this application is not disclosed in the prior United 
States or PCT international application in the manner provided by the first paragraph of 35 U.S.C. § 112, 1 acknowledge the duty to disclose 
information which is material to patentability as defined in 37 C.F.R. § 1.56 which became available between the filing date of the prior application 
and the national or PCT international filing date of this application. 

Application No. Filed (Dav/Mo./Yr.) Status (Patented, Pending, Abandoned) 



I hereby appoint the practitioners associated with the firm and Customer Number provided below to prosecute this application and to transact 
all business in the Patent and Trademark Office connected therewith, and direct that all correspondence be addressed to the address associated with 
that Customer Number: 

FITZPATRICK, CELLA, HARPER & SCINTO 
Customer Number: 05514 

I hereby declare that all statements made herein of my own knowledge are true and that all statements made on information and belief are 
believed to be true; and further that these statements were made with the knowledge that willful false statements and the like so made are punishable 
by fine or imprisonment, or both, under Section 1 00 1 of Title 1 8 of the United States Code and that such willful false statements may jeopardize the 
validity of the application or any patent issued thereon. 

Full Name of Sole or First Inventor ETSURO KISHI 

Inventor's signature 



Date Citizen/Subject of Japan 



Residence 2340 -1 Shindo , Sacramihara- shi , Kanacrawa-ken, Japan 
Post office Address c/o CANON KABUSHIKI KAISHA, 30-2, Shimomaruko 
3 -chortie, Ohta-ku, Tokyo, Japan 
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Full Name of Second Joint Inventor, ifan y YOSHINORI TOMIDA 

Second Inventor's signature 

Date Citizen/Subject of Japan 

Residence 5-5-3 Morinosato , Atsucri-shi, Kanacrawa-ken, Japan 
Post office Address c/o CANON KABUSHIKI KAISHA, 30-2, Shimomaruko 
3-chome, Ohta-ku, Tokyo, Japan 
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